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Abstract

Ho&rly averages of the magnetic field components are determined
and analyzed using the measurements, by the Magnetic Field Monitor
(MFM) aboard the ATS-5 satellite. The data covering the time period
of September 1969 through September 1971 are sorted and analyzed for
various Kp values, geomagnetic latitude.of the subsolar point, and
local time. Local time variations are harmonically analyzed, and

amplitudes and phases are given up to the fourth harmonic.
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1. Introduction

ATS-5, launched on August 12, 1969, was the fifth in a series
of Applications Technology Satellites conceived and designed by
NASA/Goddard Space Flight Center with the program objective of
furthering the state of the art in application technology placing
emphasis on satellite communications ana meteorology. Because of
excessive on-board damping during an interim spin-stabilized phase
of flight, spin about an unstable axis deteriorated to an anomalously
flat spin shortly after the spacecraft was positioned in the synchronous
orbit. By ejecting the apogee motor casing on September 5, the spin axis
was rotated to the original spacecraft axis, but was spinning in the
opposite direction. The momentum removal systems were unable to slow
down the spacecraft spin. Consequently, all experiments which depended
on the planned gravity gradient stabilization became in-operative, and
the mission was declared a failure.

Two systems capable of operating in the spinning condition were
the Magnetic Field Monitor and portions of the Environmental Measurements
Experiment (EME). The EME was a scientific experiment package consisting
of six experiments, four of which have operated continuously since
turn-on. Specifics of these experimenté are listed in Table 1.

The Magnetic Field Monitor (MFM) was not on board as a scientific
experiment but was to be used along with three axis torquing coils as
a back-up attitude control system during launch and manuevering to the
on-station position. The magnetometer sensor is mounted on the antenna

boom approximately 4% feet from the center of the spacecraft. Figure 1



TABLE 1

ATS-5 Environmental Monitor Experiments

Principal

Instrumentation Status Purpose Investigator
3DME-Tri-Directional Operational Extend the description of auroral Univ. of Calif.
Medium Energy Particle zone phenomena involving energetic Berkeley
Detector trapped radiation (protons - 30 to [F. Mozer]

250 keV; electrons - above 30 keV).
ODHE-Omni-Directional Operational Study the electric and magnetic fields Univ. of Calif.
High Energy Particle responsible for the acceleration of San Diego
Detector outer zone electrons (e - 0.5 to 5 MeV). [c. McIlwain]
3DLE~Bi~Directional Low Operational Map the distribution of low-energy Univ. of Calif.
Energy Particle Detector electrons and protons on a constant San Diego
line of force (e & p-0.5 to 20 keV). [C. McIlwain]
SRB-Total Power Booms Not Measure the effects of solar radio NASA-GSFC
Radiometer Extended burst at 32 discrete frequencies from [R. G. Stone]
60 kHz to 3.8 MHz.
EF-High Impedance Booms Not Measure the electric field in the NASA~GSFC
Voltmeter (DC/AC) Extended magretosphere by using the {T. L. Aggson])
spacecraft gravity gradient booms
as Langmuir probes.
UDLE-Uni-Directional Operational Long~term study of auroral particle Lockheed Palo

Low-Energy Particle
Detector

fluxes in the vicinity of the loss
cone (e - 0.5 to 50 keV;
p-1, 5, 20, 60, 1000 keV)

Alto Research
Lab
[R. D. Sharp]




shows the instrument perched on the boom at the top of the photograph.
It is covered by an aluminized mylar thermal blanket which acts to
passively coﬁtrol the temperature range of the sensor. The temperature
encountered by the sensor was nominally near 0% varying by iSOC with
the sun's position. However, the temperature dropped when the spacecraft
was shadowed by the earth; for iﬁstance, during such an eclipse of
maximum duration (approximately 80 minutes) the temperature dropped
to =25 (see Appendix A). Figure 2 is a sketch showing the positions
of the MFM sensor and electronics. The output of the magnetometer is
fed iﬁto the EME telemetry system (PFM) for inclusion on each
experimenter’s data tapes. The prime output is on the spacecraft
telemetry system (PCM) and has been recorded approximately 607 of the
time since launch. For information about the magnetometer, the
telemetry systems, etc., see GSFC Document X-645-70-54 entitled

"ATS-E Magnetic Field Monitor Instrumentation'" by T. L. Skillman

dated January 1970.

ATS-5 was spin-stabilized at 77 rpm about the spacecraft Z-axis

which is approximately parallel to the earth's rotational axis, and

has been on statién at 105° + 1%. longitude since September 11, 1969,
The inclination of the spacecraft changed with time from the initial
value of 2.5° to 0.5° in September 1971. Changes in the orbit inclin-
atioﬁ and right ascension of the ascending node are shown in Appendix B plot.
Figure 3 illustrates the ATS-5 orbit and spin geometry. It shows the
satellite in the synchronous orbit (w = 1 rev/24 hours) at the fixed
earth longitude of 105°W. The épacecraft is spinning about the -2

body axis and the spin vector is pointing north. The angle, ©,

3



Figure 1. ATS-5 Spacecraft
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Figure 2. Sketch of the Relative Positions of the MFM
Sensor and Electronics on ATS=5 Spacecraft
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Figure 3. ATS=5 Orbit and Spin Geometry



defined by the angle between the -X body axis and the plane containing
the spin axis and the spacecraft sun vector, is used in the description
related to the despinning of the PCM data. The body coordinate system
'is the system used by General Electric, the subcontractor responsible

for attitude determination of the spacecraft.

II. Magnetic Field Measurements
The Magnetic Field Monitor is a triaxial fluxgate magnetometer
with a range of approximately + 500y and a sensitivity of ly. The
field is measured along each axis by combining a "fine"'reading within
a range + 25y and a 'coarse' reading which indicates the necessary
number of steps to be fed into a compensating coil in order to keep the
instrument within the range of the fine scale. There are 32 steps of
approximately 33y for each axis, thereby providing a nominal range
of =495y to +525v.
Along each axis of the fluxgate coordinate system the magnetic
field component is thus determined from the foliowing formula:
B =A(N - 15) + D(V - C) ¢H)
where B = Magnetic field along the sensor
axis in gamma
A = Constant gamma field increment for
each digital compensating field (N)
N = Digital number telemetered back
giving the status of current steps
applied to the sensor compensating

coils



D = Constant number of gammag per volt
for fluxgatevaxis over the linear
portion of its response
curve
V = Output voltage from the fluxgate
(nominally 0.75 to 4.25 volts)
C = Voltage (a constant) for zero
magnetic field along sensor axis
Constants A, D, and C vary for different sensor axes. A
calibration field of +10 gamma per axis is internally generated once
every 12.02 hours for a duration of 5.63 minutes as a means of checking
the magnetometer sensitivity.
The constants used for the ATS-5 magnetometer in equation (1)

are as follows:

A, = 32.804y D, = 13.49vy/volts Cy = 2.49 volts
Ay = 32.942y Dy = 13.85vy/volts Cy = 2.52 volts
A, = 32.775y D, = 13.63y/volts  C_ = 2.55 volts

z
For the "fine'" output the frequency fesponses of the magnétometer
(sensor and electronics combined) are:
PCM - approximately 100 cps at 3db
PP - approximately .115 cps at 3db
The data sampling intervals for each axis are:
PCM - "Fine" 2,97 sec/sample

"Coarse" 95 sec/sample

PFM - "Fine" and "Coarse" 5.12 sec/sample



I1I. Data Reduction

Some general comments should be made about the accuracy of the
measurements used in this report. First, the magnetometer was on the
spacecraft as a monitor and not as an -experiment. Secondly, the
spacecraft was not magnetically clean, and as a result, encountered
large disturbances from both A.C. and D.C. fields. The D.C. fields
as measured at the GSFC Magnetic Test Facility were compensated by

six auxiliary magnets with the following field modifications at the

magnetometer:
Initial Perm Field Compensated
X = +i19.7y : X = +21y
(Magnetometer
Coordinates) Y = - 80.8y Y = +31y
Z = -164.0vy Z = +109y

The large field remaining in Z was purposely set at +109y to insure_
maximum rangé when on-station in synchronous orbit.

D.C. offsets resulting from various spacecraft functions being
turned "on" and "off" were recorded prior to flight. These corrections,
some of which changed after launch, have been used to correct the data.
This was accomplished in the following manner by observing the spin
+axis (Z) output on the plotted data. Where sudden jumps in the D,C.
level were observed, the command log from the ATS-5 control center was
checked to see whether or not a command had been sent to the spacecraft.
If a command had been sent, the resulting shift was compared to the
preflight test to see if the observed shift is consistent with the test.

Typically these corrections varied from 1 to 20v.



Corrections as obéerved during ground testing for a.c. fields
and later verified iﬂ flight, were also applied to the data to eliminate
the effects of the solar array modulation due to the spacecraft spin.
These corrections were always less than 1Ow.

The data used in the 'hourly value' data set for the spin axis
(Z) component were supplemented with data from the PFM telemetry
system when not available on the PCM telemetry output. The PCM
telemetry output in the spin plane (X and Y) was despun by a program
developed under contract by General Electric, Valléy Forge Space Center.
G.E. performed this investigation as they were the spacecraft attitude

control subcontractors and were completely familiar with the spacecraft

study contract is given in G.E. document 71554257 dated September 15, 1971
and titled "Magnetic Data Reduction Study Contract' by J. J. Mueller
and G. W. Coyne, Jr. For the details of the despinning technique we
refer to this report.
The despun data were transformed to the DHV components of the
magnetic field using the sun sensor output witﬁ the following
assumptions:
1. The ATS-5 spacecraft is located at synchronous altitude
at 1050W..longitude and 0° latitude, and is stationary
in a geocentric reference frame corotating with the

earth.

10



2. The vehicle is spinning about its -Z (G.E. body frame)
axis which is aligned with the earth's spin axis, with
no nutation,
This DHV system is the séme as that used by Coleman and Cummings (1971)
for the analysis of the ATS~1 magnetic field data, and is illustrated
in Figure 4.

The North (H) component is obtained directly from the +2
magnetometer measurements. The East and outward components (D and V,
respectively) are obtainéd from the X and Y components by the
despinning technique mentioned above. It should be noted here that
the East component, D, is in force unit and not in angular measure as
in declination in the conventional usage of the notation D. Also note
that H is the North component and not the total horizontal intensity.
Iv. Analysis

Having computed the geomagnetic latitude of the subsolar point,
6%
division into three categories: Ogm > 100, -10° < ezm < 10°, and

for each hourly value observed, the data were sorted first by

ezm < -10° The grouping‘with Ozm is made to investigate the dependence
of the daily variations on the tilt angle of the dipole axis relative
to the sun-earth direction., The data were further sorted by
geomagnetic activity (Kp) into three classes: Kp = 0-1; Kp = 2-3;
and Kp 2 4.
For each magnetic component  and for each (Kp, Bzm) group,

hourly averages and standard deviations were computed for each local

time hour. Here the hourly intervals are each centered at the half

11
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hour. The hourly averages so obtained are listed in Appendix C. To
indicate statistical significance of these averages, the maximum and
minimum numbers of hourly data points (used in averaging) anq the
maximum and minimum standard.deviations are given in Tables 2 through 4
for each (Kp, ezm) group:. It should be noted that the number of data
points for very disturbed conditions of Kp = 4 is unavoidably small
for some local hours.

Figure 5 presents the daily variations in the magnitude, F, and

the H, D, and V components of the magnetic field at the ATS-5 position.

s

To facilitate comparison of the daily variations for different Ggm

groups, classification is made first with respect to Kp, and for each
Kp group three curves are drawn for the three’ezm groups.

In Figure 6 the same data are presented in a different form;
namely, division is made first according to ezm, and for each ezm
group three curves are prepared for the three Kp groups to show the
dependence of the daily variations on magnetic activity. |

A separate diagram, Figure 7, is presented to give the daily
variations in the dip angle, I, where I is computed from the formula
tan I = -V/JEE_I_ig_. The maximum and minimum values of I and the
local hours at which these maxima and minima occur are listed in
Table 5 together with the ranges (maximum - minimum) in the variations
of I. Appendix D is two plots of angle variations determined ffom
hourly average values for tilts in the HV and HD planes.

Each average daily variation, say £(t), is then expressed in

a Fourier series as:

13



Table 2

{s)
gm*

Geomagnetic Subsolar Latitude 6 > 10°
Maximum and Minimum Number of Data Points and the Standard Deviation for Each
Component Used for Plotting and Fourier Expansion for the Geomagnetic
Subsolar Latitudes 05?% > 10°,

3;31 > 10°
H
Data Points Standard Deviation Y
Kp Max. No. Min. No. Max. Std. Dev. Min. Std. Dev.
0, 1 99 27 8.46 4.87
2,3 119 33 17.95 6.34
24 29 6 20,18 4.31
v
0,1 88 24 8.10 3.98
2,3 108 26 - 10.64 5.12
=4 30 2 12,51 1.00
D
0,1 88 24 4.72 1.55
2,3 108 27 7.50 1.99
>4 30 2 9.28 1.50

14




Table 3

Maximum and Minimum Number of Data Points and the Standard Deviation for Each
Component Used for Plotting and Fourier Expansion for the Geomagnetic
Subsolar Latitudes =10° < Oéfr)‘ < 10°,

H
Data Points Standard Deviation Y
Kp Max. No. Min. No. Max. Std. Dev. Min. Std. Dev.
0,1 64 35 9.62 6.59
2,3 80 38 14,49 7.90
24 25 8 22,24 7.40
\%
0,1 52 20 10.68 3.92
2,3 71 24 23.40 5.36
>4 23 4 16.77 6.21
D
0,1 52 20 6.01 2,40
2,3 71 .24 7.09 2,29
>4 23 4 9.97 2,70

15




Table 4

Masximum and Minimum Number of Data Points and the Standard Deviation for Each
Component Used for Plotting and Fourier Expansion for the Geomagnetic
Subsolar Latitudes eésn)n < =10.

H
Data Points Standard Deviation Y

Kp Max. No. - Min. No. Max. Std. Dev. Min. 5td. Dev.
0,1 92 32 9.80 6.46
2,3 102 23 15.95 6.83
=4 25 1 17.58 0.0

3
0,1 86 33 11.73 3,56
2,3 95 21 15,42 3.14
>4 21 1 18.98 0.0

D
0,1 86 33 3.69 0.87
2,3 95 21 5,46 1.76
>4 20 1 8.28 0.0

16
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Table 5
Angle of Dip (I)

Kp=0,1
Maximum Angle of Dip Minimum Angle of Dip
6's) _ Total Range

am e Local Time (n° Local Time '
>10° 30.5 0.5 11.7 11.5 18.8°
-10° to +10° 28.9 23.5 11.5 07.5 17.4°
<10° 23.3 19.5 06.8 06.5 16.5°

Kp = 2,3
>10° 35,1 0.5 12.1 11,5 23.0°
=10° to +10° 34.8 0.5 11.8 08.5 23.0°
<-10° 27.2 20.5 07.6 08.5 19.6°

Kp=4

> 10° 42,2 22,5 12.5 11.5 29.7°
-10° to +10° 40.6 22,5 11.5 09.5 29.1°
<10° 33.3 20.5 09.7 09.5 23.6°

20




f(t)

~lo Eﬁ(_\/po

5 (am cos mt + bm sin mt)

'Cp cos (mt - o)

m—
where

) Cmn = Waz + b m=0, 1, 2, ~---

tan ! bn/ay

!
Tables 6 th;ough 8 give the amplitudes Cn and phases o, for
F, H, V, and D. Table 9 lists the time of maximum for the diurnal
(24-hour) component of each of these elements.
In Figure 5 the daily variations for different sz groups are
presented for each Kp group. The seasonal classification therefore

s
is made using the geometric parameter ©

em? i.e. the geomagnetic

latitude of the subsolar.point. This classification is more precise
and convenient for the study of the distortions of the magnetospheric
field due to the solar wind than a classification according to the
calendar season. However, the seasonal changes in the daily
variations by use of the ordinary season classification are of value
in certain types of statistical studies. Thus the average daily

variations for the four seasons as defined below are plotted in

Figure 8:
Season Day of Year Dates
Spring 36 to 127 Feb., 5 to May 7
Summer . 128 to 218 May 8 to Aug. 6
Fall 219 to 309 Aug. 7 to Nov. 5

Winter 310 to 35 ‘ Nov. 6 to Feb. 4

21



Table 6

Fourier Expansion of H, D, V, and F for Geomagnetic Latitude
6&;’1 , for the Subsolar Point > 10°, Expressed in the Form:
e.g., H= C  cos(mt =¢_); C_ in Gamma,? _ in Degrees.

F H
Kp =0, 1 Kp = 0, 1
m 0 1 2 3 4 2 0 1 2 3 4
Cm 132,1 9.5 1,0 0.1 0.1 Cm 121.2 | 17.3 0.4 0.1 0.2
am +18° | +15° | +78° | -59° am +11° | +82° | -50° | +4g8°
Kp=23 - Kp=2,3
m 0 1 2 3 4 x 0 i 2 3 4
Cm 130.4 | 11.8 3.2 0.4 0.7 | Cm 6.8 | 22,6 | 2.3 0.6 0.4
am +23° +25¢ -81° | +28° am +16° +26° +72° +17°
Kp = 4 Ko 2 4
T 0 1 2 3 4 T 0 1 2 3 4
Cm 133.2 | 10.7 5.4 1.3 | 0.5 Cm 14,5 | 25.4 | 5.3 1.6 0.9
am +40° | +33° | -18° | -35° am +27° | +23° | -+10° | +43°
v D
Kp=0,1 Kp=20,1
m 0 1 2 3 4 WG 1 2 3 4
Cm 45,8 | 16.6 1.4 0.2 | 0.5 Cm 18.5 | 13.2 1.4 0.8 | 0.5
am +17° | =27° | -29° | +51° am =54° | =20° | -75° | -22°
Kp =23 Kp=2,3
{ 0 1 2 3 4 —~m 0 1 2 3 4
Cm 50.6 | 20.9 1.2 0.8 0.7 Cm 18.2 12,7 | 3.2 0.9 0.3
am +20° | -42° | +59° | +30° om -53° | -36° | -75° | -73°
va> 4 Kp =4
T 0 i 2 3 4 o 0 ] 2 3 4
Cm 59.5 | 26,9 1.5 1.9 0.9 Cm 18.6 | 13.7 5.3 2.4 1.1
am +23° | +63° | ~58° | +g2° am -62° | ~37° | -65° +7

22




Fourier Expansion of H, D, V, and F for Geomagnetic Lahfude,
én)n for the Subsolar Pomt ZIO < ols) <
e.g., H™ Cmcos(mf -“m); Cm in Gamma, m in Degrees.

Table 7

< 10°,

E>&oressed in the Form:

F H
Kp =01 Kp =0,1
0 1 2 3 4 o 0 1 2 3 4
Cm 132.5 | 1.0 1.1 0.6 0.6 Cm 122.6 | 17.3 1.9 0.7 0.5
am +14° | +70° | +25° +8° am +19° | -14° -80° | +27°
Kp=23 Kp=23
) 0 1 2 3 4 m 0 ] 2 3 4
Cm 129.1 14,0 3.3 1.3 0.6 Cm 116.8 | 23,7 | 1.8 1.0 0.2
am +17° | +44° | =120 | -67° am 421° | -90° | +33° | +11°
Kp Z 4 Kp = 4
0 1 2 3 4| | T 0 1 2 3 4
Cm 128.3 | 10.5 8.5 | 3.9 2.6 Cm 113.1 | 240 | 7. 4.4 2.4
am +14° +66° ~12° +43° am +20° +78° =21° +51°
v D
Kp=0,1 Kp =01
o 0 1 2 3 4 o 0 i 2 3 4
Cm 44,1 | 14,2 4.8 2.1 0.4 Cm 18.1 8.7 2.0 | 0.7 0.1
am +50° +13° | -50° | -45° am =36° | ~11° | +46° +5°
Kp =23 Kp =23
0 1 2 3 4 m 0 1 2 3 4
Cm 48,2 | 18.9 | 4.8 2.5 1.2 Cm 17.1 8.9 1.3 0.8 0.5
am +40° -9° | 720 | +77° am -36° | +57° ~5° | -48°
Kp = 4 Kp = 4
o 0 1 2 3 4 o 0 i 2 3 4
Cm 52,6 25.1 2.5 1.8 1.5 Cm 17.2 9.1 2.7 1.8 1.0
am +34° -2 | +78° | -14° am | =34° | ~7° -2° +6
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Table 8

Fouri’?r) Expansion of H, D, V, and F for Geomagnetic Latitude,
9 S

gm~ for the Subsolar Point < =10°, Expressed in the Form:

e.g., H=Ccos(mt =a.); C, in Gamma, ap,in Degrees.

F H
Kp =01 Kp=0,1
o 0 1 2 3 4 o 0 1 02 3 4
Cm 129.6 14.5 0.8 0.8 1.0 Cm 123.0 | 16.5 0.6 0.5 0.9
am +17° -1° -36° | +85° am +33° +90 | -46° | +75°
Kp=23 Kp=23
o 0 1 2 3 4 T 0 1 2 3 4
Cm 124.8 | 21.1 2.5 0.8 0.3 Cm 117.3 | 25.2 2.1 0.5 0.5
am +20° | -57° | -66° | +73° am 4310 -54° | '=52° | +85°
Ko 2 4 Kp = 4
o 0 1 2 3 4 0 1 2 3 4
Cm 118.8 | 20.8 4,5 2.1 0.5 Cm 109.5 | 27.1 4.5 1.7 0.9
am +22° | +49° +63° | +50° am +35° | +28° | +48° | -~86°
v D
Kp=0,1 Kp=0,1 .
0 1 2 3 4 o 0 1 2 3 4
Cm 35.3 15.8 0.9 0.7 0.8 Cm 15.7 4,6 0.5 0.4 0.3
am -75° | ~12° +5° | =51° am +23° -83° | -80° | +79°
Kp =23 Kp=23
o 0 1 2 3 4 T 0 1 2 3 4
Cm 36.3 | 17.1 1.1 0.7 0.4 Cm 15.7 5.4 1.5 0.7 0.3
am -87° | ~41° | =57° | -52° am +18° | +55° | +68° | =~i6°
Kp > 4 Kp = 4
o 0 1 2 3 4 o 0 1 2 3 4
Cm 39.1 18,5 1.0 2.0 1.6 Cm 14,9 6.3 3.1 0.7 1.8
am +86° | +86° | =51° | -29° “m +28° | +64° | +90° | +83°




Local Time (hours) of Maximum Field Value (L.T.)
for First Harmonic

Table ¢

Kp H \Y D F
g = <-10°
gm
0,1 : 14.2 7.0 1.5 13.1
2,3 14.1 6.2 1.2 13.3
>4 14.4 5.8 1.8 13.5
-10° <6 < 10°
gm
0,1 13.3 15.3 9.6 12.9
2,3 13.4 14.7 9.6 13.1
>4 13_3_ 14.2 9.8 12.9
6% = >10°
0,1 12.7 13.2 8.4 13.2
2,3 13.1 13.3 8.4 13.5
>4 1 13.8 13.6 7.9 14.7
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V. Discussion

The plots in Figures 5 and 6 clearly show the effects of increased
magnetic activity on the daily variations. The largest variations occur
near local midnight due to the diamagnetic effects of increased plasma
intensity.

The'sorting of the data by geomagnetic latitude of the subsolar
point emphasizes two points. First, there is an apparent change in phase
in the Y (D) and -Z(V) as shown in Figure 6. Secondly, there is a
significant difference in the < -10° trace in Figure 7 when compared with
the other two e;m traces in the same plots. This difference is also
evident, especially in the D and V plots in F}gure 8. The position of
ATS-5 is 7° to 10° north of the geomagnetic equator. Therefore, during
the winter (ng < -100), ATS-5 1is closest to the equatorial current sheet.
The existence of this current sheet has been established by the Ogo 3 and 5
magnetic field observations (Sugiura 1972).

Figure 8 shows appreciable differences between spring and fall.

In Figures 5 to 7 these differences are masked because the geomagnetic
latitude of the sun was used for the classification of the data, thereby
combining two equinoctial seasons. The presence of the annual variation
seen in Figure 8 was quite unexpected, since such a variation calls for

an explanation that goes beyond the.geometrical configuration of the
current sources.relative to the sun's geomagnetic latitude. This implies
that there is either a true annual variation in the solar wind conditions
or a hysteresis effect in the response of the magnetosphere to the seasonal
variations in the solar wind.

In order to study the apparent phase changes in D(Y) and V(-Z2),
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the data was broken down further by the calendar seasons. This

breakdown resolves the -10° < egm < 10° in Figure 5 into Spring and

Fall in Figure 8. The difference in these two seasonal traces is most

prominent in the V(-Z) plots of Figure 8. Figure 9 is a further subdivision

of the data for Kp = 0-1 for each calendar month. Gradual phase changes

are apparent in both D and V. There seems to be a reversal in phase

in these components near February to March. Corresponding to this

phase reversal a slight, but noticeable, phase shift is observed in H.
The data was next compared with calculated field values taken

from the ATS-5 Ephemeris data. The Ephermeris data includes component

field values for the ATS-5 position at 10 minute intervals for a regular

(geomagnetic reference field) and a distorted field model. The model

for the ''regular" field is determined from the GSFC/65 epoch 1965.0 of

Hendricks and Cain, and represents the internal field of the earth.

The ''distorted field" takes into account the additional effects of the

solar wind and. geomagnetic tail. These calculations are from the

Mead-Williams model (Williams and Mead, 1965) using a 40 gamma tail

field, Figure 10 displays the computed values for four days:

day 172, 1970; day 264, 1970; day 355, 1970; and day 80, 1971. These

days are the equinoxes and soltices and are compared here with the

observed hourly averages compiled monthly which include these dates.

. P . |
1ne opserved

Tr r

trace follows the shape of the Mead-Williams model fairly
well, but has a more or less constant, higher field value of 5 to 25
gamma.

The D and V plots in Figure 10 show both amplitude and phase

differences when compared to either of the calculated fields. These

28



63

GAMMA

H COMPONENT

D COMPONENT

V COMPONENT

Kp =0, Kp.= 0,1 Kp =0,1
140 N 0N -20 JAN
120 ...- '.'.. 20 B ~40 '-,.. ....
100 %4 il La by b by gt x.l'l‘l'l.l ) 0 PN I S ST N VO T S A N AT O Y —eol ot o L v bl ..1..’1.,.I P AT R
140 *® e 00 o 407 — —20— -
FEB _, o °. E FEB _ RO R
120E ... .". '3 20 ® 6 00 0% 00004, 0080t s, T 40— FEB “”“-. -‘... —‘
DYoo M TN NP N RV AP NN B SN DU O Md R I 0 N N O R AN A P Y U P R Y P AP A A A AN A S M B B B P
140 . a0 = -20— —
MAR eet e, T MAR ] [ MAR 7]
120E . i 2 T R ] S R T
100.,,,.1.,.1,1.1...1,1..,|,.|.,,|, ol bbb 1 1) IV N B S B B B R Pl P B S B T
140 apr 7 O AR, . 71 200 apR .
120 . ‘e — 20fe* * S veee* " —d0| Al —
100".|.|ll.|1|.|.|||.|.11|.-1°11.L ol .1114|.1.1.1.111,_L.|.|1|.' _60‘"Ju'l..l.|.|.|.1.1.|.|.°|.|.'—
140 — P - 40 MAY | —-20—
[ MAY . *® e, - - coo ., . - MAY
120F ... E ol .. s BN of
e a0 ® L - RIS B - e’ Cee.
100 Pl PO O NV I NN O N VRN s A 5 e 0 PN RS RS T AN A l"l|lllllJJ 0| AL Sl IS ISR SO NI IR N NI PO O A4 LRI LN
140 ° 40— JUN =20
| JUN « * .. | e® "% . [ JUN oo
ol M L j I j “wlb et
b~ <C - LY . ® -
100 Loa% 1% | P I I I U IO Y I I RALRATIT § 0 P S P RN I A il LT L IR I I | E —60
140~ .o < 40 JuL 9 < -20
™ JuL S OC Teee.,, d S O JuL
120 — * e ® e a 20; ." ."...— —40— o.' e
100'--1,|.|.1.1.|.111L|.11|.o|--| oL .|.|1|.|.1'.°|-.~1-1'1'JL.|.:.|._ _Gor.|-L44|.|.|.|.|.|.|.1.le.|.
140 ettt 40 7 -20C auve
° o "...-. P Y o ® .
120E . a 20 . e — —40E Lot fe. E
100 ofe,” | PRI Y U NI IR O I 1% elerel® 0 N BT S R Y | RACILILA 'l L L| Lt —60 ui T TS TUUN I AT NI I | l.l o l L l AJ-
1;‘;Esgp IUREEET j :o .S.Ef... e _jg__ Sep Lot
S e 0 .o. ‘o. - —AV—
] YT I N B AP W AP U AP B MTI P PYLIL) 0 P ST P P A YT Y LT bl RS I I B —sols
140 ocT a0 oc 3 2 ocr Lettte.
. T e e, e o = . S
E % 200~ " .., R R L .. 3
100Le '|.|.1.1,l11,|||.|.1ml|n'|. R P B P S AU T T LILI A N I PO B _60_'111J_L||1111I|I|I.l-|lllnl'°11
140 ee, e’ = 40 - -20—
™ NOV RN .. ] [ Nov ] T e ..
120 e .. = 0p e, Les ettt e —40r"NOV Tel j
100.—'1 l P B T A I T A I.l'lil'l'l L] 0— T ]'l'l'l'l'l'l’l"'l N _60_1 Lyl d s lat s bt (Btesjeisjee® l |
140— 0o **®se e . e 40 7 -201— ettt
[ DEC . . ] [ DpecC ] T .
3 . * .
120:... M . ': 20"'..0.. PP .ot'.'...'OT -40— DEC .°. . %
100|ll|!|lllll|l]11Lll||l.llll ol 111]I|I]lll|lll|lll[l|lll _60I|l|L'||I]I‘l_llll'l"lLJLllll
0 2 4 6 8 10 12 14 16 18 20 22 24 2 4 0 2 4 6 8 1012 14 16 18 20 22 24 2 4 0 2 4 6 8 1012 14 16 18 20 22 24 2 4
LOCAL TIME LOCAL TIME LOCAL TIME

Figure 9. Daily Variations (H, D, V) separated by Calendar Months



H COMPONENT

150 DAY 172 _
13011970 0 .
e e N
1o Yo DI A U N 00 S WO VOO0 DO B O O ML Y s S W B,
1905y 764 ]
130+1970
o 1101
ﬁ [t T0 N T S T TN SO TN A T G N N Y | T'T'* LodobaseT”
& 90 -
& 140rpay 358
1201970 . N
100" ':;7;7’4'----‘----.‘-‘w'""""“"QT:;“"-":::
80-‘llllllILlJIJ_LlllIllIIT-T.TII
150 DAY 80 4
1301971 4
1mof - < ]
T At et el SR N st s 0]
OQLocket®T L 0 0 Loy w1 ) T e st
0 2 4 6 8 10 12 1416 18 20 22 0 2 4
LOCAL TIME
40 D COMPONENT
L DAY 172
20 e
M’&---b--.- Rl T
0
40 DAY 264
o 20 | pwa=amsmeTETITL00S X e
w 0 | S I T S T S I T O | 11 1 1 | I.l § I T |
S 40
o L DAY 355
’ 20—y -
0 lIIlIlIllIllLlll|l|l_.T.-l_—l-.TIJ_L
40[: DAY 80 i
20 cazgogms s imes s
e Rt At EC EE XL A SRS ST T B
0 | NS N N S N SN TV Y S T S (N O O A 5 W U T T DO S Y TN T OO |
0 2 4 6 8 10 12 1416 1820 22 0 2 4
LOCAL TIME

DEGREES

OBSERVED FIELD

-------- GSFC/65

—————— MEAD-WILLIAMS

V COMPONENT

| DAY 172

F NN O O B

S T O T T T T T O T Y O Y O VRS |

| DAY 264
1970

-50 _
_70 | R S I S TN NG VU N TR N S S T U Y O T T I )

OrBaY 385 ]
-20} 1970 o
40 :‘ ;:;:;t;f.-o—-‘?&':_- Rl ol -:?;titx?ho;';tltl. ______ =7
_60 C § U N N N S T T S O Y 2 A T O IR S W S S T | ]

OCbav 80 ]
-10 1971 .
I P e s = = b morer L e ek ]
_60 C ) Y YN T N IO N VR U W T T O T T N OO (NN A SO TN WO SN M | ]

0 2 4 6 8 1012 14 16 18 2022 0 2 4
LOCAL TIME
Hor -B,
D or By

VorB

Figure 10. Comparisons of ATS magnetic fields and computed theoretical fields

30



differences between the measured and calculated field values are taken
to be due to the equatorial current sheet. It should be noted that
the phase changes in the calculated fields for the various days are
probably due to changes in the geomagnetic latitude of the satellite
because of the orbit inclination.

Figure 1l shows the variation of geomagnetic latitude of ATS-5
with season and local time. It should be stressed again the importance
of geomagnetic latitude variations on satellite measurements even when
the satellite is in a nominal synchronous ;quatorial orbit such as the
ATS satellites.

In summary, the present study of the daily variations in the
magnetic field as observed by ATS-5 suggests a need for an improved
magnetospheric field model that takes into account the recent finding
of the equatorial cﬁrrent sheet. The existence of the annual change,
as indicated in the spring-fall asymmetry, in the daily variation of
the magnetic field at the synchronous orbit should be studied further.
Comparison of the present results with the OGO 3 and 5 observations will
be made in a separate report.
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Appendix C

Geom. Sun Lat. less than or equal -10 Deg
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39 1t.a
46 1249
62 13.5
74 14.4
70 15.C
69 1644
7a 17.8
79 19.0
a5 20,2
85 2146
86 21.0

LOCAL TIME
0.5
1.5
2.5
3¢5
445
S.5
6.5
T7e 5
Be S
9.5

10.5
1t.5
12.5
13.5
14.5
1565
16.5
17.5
18.5
1S5
2Ce5
21.5
22.5
23.5

GEOM. SUN LAT. LESS THAN OR EQUAL -10 DEG
D COMPONENT

STANDARD DEVIATION
3.61 ’
3.69
2.86
212
1.34
l1.20
0.87
126
1.92
1.91
230
2.28
270
2457
2485
2.89
2.73
2460
2é¢32
228
2.21
273
3.21
3456

LOCAL TiIwE
0.5
1.5
2.5
3.5
445
S5e5
605
7.5
845
95

10.5
11.5
12,5
13.5
14,5
15.5
16.5
17.5
18.5
19.5
20e%
2195
2245
23.5

KP IS GREATER THAN 3

NUMBER IF SAMPLES
11

A ENWNGNN=NVN O

AVEKRAGE (GM)
Z21.3
2147
17 .4
13.5
125
74C
13.0
12.5
1243
129
10.7

A5
11.3
1246
12.0
1l1e3
105
11.3
12.8
15.8
19.7
2662
251
22.3

KPIS20R 3
NUMBER JF SAMPLES AVERAGE (GM)
68 222
55 213
47 1841
31 1545
30 15.1
26 14.9
24 14,1
21 13.8
25 12.6
23 119
24 112
33 111
36 11.2
39 11.4
40 11.8
49 12,2
69 12.4
75 1346
31 150
35 1642
84 18e2
as 272
1 225
75 2249

STANDARD DFVIATION
687
fet3
4453
1652
1450
Ce0
1.00
G50
1.25
102
Jea7
1.5C
3,462
2450 °
2.00
2e81
3,66
2.77
2465
3.17
S.54
Se63
6409
B.28

STANDARD NEVIATION
5437
5437
1499
2.43
2.65
2.56
1.76
1492
2430
2.07
2.08
2454
3,00
3.01
3.14
2.92
2475
2497
2.83
2.71
3.00
3.59
4,91
5086

17419na0y¥d3y 10N

-



O

GEOM. SUN LAT. GREATER THAN -10 DEG BUT LESS THAN OR EQUAL 10 DEG

H COMPONENT
KPISOOR 1 KPIS20R 3
LUCAL TI97 NUABER IF SAMPLFS  AVERAGE(GM)  STANDARD DFVIATION LOCAL T NUMEE P (OF SAMPLES AVFRAGE(GM) STANDARD DEVIATION
0.5 52 1051 7.41 0o o8 94,49 9,27
1.5 53 10548 7.90 1.5 70 $8.0 2512
2.5 43 1Ca .4 £.59 2.5 62 98,9 9.27
3.5 37 112.4 7.1R 3.5 (X4 13,0 12,05
445 o 61 119.4 740 4,5 53 109.4 V82
545 a3 12547 749 55 482 117,.7 N6
6e5 52 129.4 7035 6o S 31 123.1 8480
745 56 133.8 HolR 7.5 43 121.3 13.95
A5 a7 1354 7.59 2.5 40 125.3 12,09
9.5 . €3 13809 8.64 5¢5 a3 139,45 14,22
1045 b4 139.3 Q.53 10.5 51 14240 14,49
115 52 13649 9,33 11.5 . 52 140 .1 17,81
12.5 56 137,48 9.23 1245 59 133,7 R 8.85
13.5 50 123,58 962 13.5 55 137.5 8.12
18,5 52 134.3 92,36 14.5 (XY 123.8 7.90
15.5% 44 139.7 7.66 154 57 12R,.3 R.68
16.5 as 129.1 6,95 14505 58 123.2 12.05
17.5 31 124,33 7.70 17.5 68 117.6 8.69
18,5 42 121456 7.20 18.5 74 112.0 12 .24
19,5 3s 117.0 ‘7,08 19,5 LT 108.0 1099
20.5 a9 113.1 Ba.22 209 72 101.4 1C. 18
215 EY:] 110.3 7.71 2145 76 97.5 9.47
22.5 51 1071 7.613 2245 76 971 15,21
23.5 a9 15542 7.52 2345 53 95,6 1963

KP 1S GREATER THAN 3

LOCAL TIMT NUMEE 2 1t SAVPLTS  AVERAGEIGY) STANNARD DEVIATION
Qe 5 - 14 8362 11.10
| 16 R7.8 7.42
25 L] 54.5 9,99
3.5 12 9645 7.93 .
Be 5 Q 1831 e85
55 14 110.3 355
6.5 12 120.3 12.18
7e% . 12 124.7 1C.73
8.5 2¢C 123.4 Jead2
Ge S 25 137.2 11.30

1345 20 137.6 11.53
115 19 145.7 11.32
12.5 18 149,.5 Q.53
13.5 13 13640 7.93
14.5 15 132.9 11.35
155 16 122.5 17.71
16.5 15 1115 1R,26
17.5 24 1C3,.8 22.24
1865 25 10341 15.08
19.5 ’a 965 13.R1%
20.3 21 Q3.3 12.192
21e % 20 2.6 12.96
22e5 25 8949 JFe73

23.5 15 GRe3 13.47



GEOM. SUN LAT. GREATER'THAN -10 DEG BUT LESS THAN OR EQUAL 10 DEG

V COMPONENT
KPISOOR 1 KPIS20R3
LAOCAL TIME NUMBFR OJF SAMPLES AVERA_GE(GM) STANDARN DFVIATION L’JCAl; TIME NUMHER OF SAMPLES AVERAGE (GM) STANDARD DEVIATION
0e 5 "2 5342 Y407 0.5 53 ~£8.0 12.82
1.5 48 -5640 eS8 1.5 57 ~6645 12.02
2.5 31 =518 4278 2¢5 41 -61el 12.45
3.5 20 =43 .6 3e92 3.5 26 =534 13.69
4.5 22 =33.5 616 405 24 =44 4,0 1t.26
5.5 25 -29,.2 5407 545 25 ~32.9 657
6.5 35 -29.1 £e93 e 24 =293 5.43
7.5 38 ~27.6 ’ 6457 7.5 34 -29,5 15626
8.5 44 -29.3 2420 Be 5 29 -28.4 7.82
95 50 -31.2 9437 9.5 40 -29.9 Rell
105 492 -34.1 Q.08 10.5 42 =316 Be3s
1153 A5 -37.C 745 11.5 43 -35.1 0453
12.5 48 =-37.5 Bal2 2.3 47 =366 T 54
13.5 33 =397 7.8C 13.5 33 ~305 6493
14.5 37 =401 6465 14.5 48 =415 5«95
155 23 -42.3 6e36 15.5 <1 -44 ,7 Se7S
1665 26 -43.7 4435 1665 a8 ~47.8 Se36
17.5 30 ~48 46 S5.09 175 61 =516 5.82
1845 36 %046 7.05 185 A6 -5562 8479
195 34 —S2 4 R.09 19.5 71 -57e4 De61
20.5 43 -53.6 2466 2045 60 -61+8 11.94
21.5 41 -55.2 .95 21.5 fa ~65 40 12.548
22,5 48 -5842 17.68 2245 63 -65.0 12.05
23.5 30 =59 .4 Q.04 . 23.5 S1 -63e2 23.40
KP 1S GREATER THAN 3
. LOCAL Tiwr ’ NUMBER NF SAMPLES AVERAGE (GM) STANDARD DEVIATION

[+ P S —74.4 a.31

1.5 4 -69.5 2438

2e5 4 ~75 45 13.74

3.5 6 -5643 13412

4.5 . 6 -52.8 1677

Se 3 9 46 04 13.51

6.5 7 =32.9 .98

TeS 11 -29.7 10.848

Re 5 1R -29.8 941

95 23 -28,.2 .10

10.5 18 ~31.5 8.87

11.5 15 =-31.8 9.25

1245 15 -33.4 8.31

13.5 12 -34.8 7455

14.5 17 -37.2 6e23

15. 5 16 ~4345 6e21

1645 17 -50.5 5.84 "

17.5 15 ~-56.5 Be27

18:5 13 -60.2 11.16

1G.5 17 ~-£5.8 11.28

20.5 12 -69.4 14429

21e5 t2 -75 44 Rel2

2245 13 -79.9 f.96

23.5 S -7842 12.35



9-0

GEOM. SUN LAT. GREATER THAN -10 DEG BUT LESS THAN OR EQUAL 10 DEG

D COMPONENT
KPISOOR 1 KPIS20R3
LOCAL TIwMmE NUMRBER DF S_AM‘-"LES AVERAGF (GM) STANDARD DEVIATINM LncaL TI4F NUMISE 2 F 3AAPLES AVERACE (GM} STANDARD DFVIATION
045 B2 2547 He04 Qe 5 63 23.8 5468
1.5 a7 27.2 5.02 1.7 56 24.7 6.61
245 31 28.8 3.61 245 42 25,0 7.07
3.5 26 2G..8 3.82 25 26 2648 7.09
4.5 .re2 25.2 Gel8 4.5 24 2640 54937
5.5 20 23.1 L] Se % »5 2445 4,55
605 33 2240 4e36 6e 5 24 2144 4,12
TeS 38 19.3 2062 7e5 34 19.7 4,53
BeH 4a 17.4 2497 845 29 17.8 4420
9.5 50 16 .9 4412 9.5 493 17.5 4,77
10.5 49 1661 4432 1065 42 1548 4,91
115 45 15.2 4493 11.5 43 1444 5.71
12.5 48 13.3 601 12.9 %4 11.9 €e25
13.5 ER] 13,7 Se49 13.5 33 1C 2 619
14.5 ) 37 129 RSl 1445 a8 3.1 5435
15.5 ' 33 Q9 4490 1565 51 7.8 4458
1645 26 9.0 Ze56 1645 48 65e9 3.60
17.5 35 9.0 2.8 17.5 61 7.5 2.29
18.5 36 10.8 2.65 18.5 65 942 2451
19.5 34 2.4 ?.64 1945 71 11.3 3.28
2045 43 13.7 2.96 2005 60 1449 4.55
215 41 16.8 378 21.5 H4 1841 5442
225 48 19.6 4eta 22.5 62 2c.8 5.98
23.5 49 2241 %35 235 50 227 S.64

KP IS GREATER THAN 3

LOCAL TI™F NUMBF 2 3 SAMPLFES AVERACE (GW) STANDARD DEVIATICN
0.5 5 19.6 9.97
1.5 5 21.6 £.33
2.5 4 27.8 5.12
3.5 6 26.5 6463
4.5 6 21.5 €.a2
5¢ 5 9 2347 6.77
6e5 7 27.6 Se10
7.5 11 20.9 feals
805 18 17 69 4,86
9.5 23 1747 5.13

16.5 18 1641 517
1145 15 1449 £406
12.5 15 10.7 5.99
13.5 12 8.7 5.88
14.5 17 3 4.88
1545 17 4.9 3.98
16.5 13 641 3459
17.5 19 7.3 2.83
18.5 19 9.8 2.70
19.5 17 12.5 2.97
20,5 12 17.0 5.38
2145 12 2240 6.08
2245 13 262 5.83

2345 S 2442 3.92



L-D

GEOM. SUN LAT. GREATER THAN 10 DEG

H COMPONENT
KPISOOR 1 KPIS20R 3
LOCAL TIME NUMHBFR OF SAMPLES AVERAGE(GM) STANDARPD DEVIATICON LOCAL TIME NUMKBER NF SAMPLES  AVIRAGF(GM) STANDARD NEVIATION
0+ 5 5¢ 104 .3 7.48 Ce S 53 Q7.0 7490
19 >3 W 106 .0 £eS7 1e5 (3] 7.7 770
245 3¢ 106.8 Te04 2.5 74 1C1.6 Be12
3.5 RS 11Ce.8 587 3eb 71 15441 7.98
445 22 114,2 Ce71 405 39 1CB .08 7487
505 (143 119.1 5467 Heb 126 114.3 7.R7
605 g6 123.,7 6402 791 116 119.6 787
7«5 99 128.3 677 7.5 119 12544 34873
845 86 13046 716 8¢5 1208 122.0 1Ce32
9 5 89 134.8 7.46 9e S 1ca 136.9 11.14
105 85 137.4 792 10.5 109 138.4 17495
11.5 31 138.7 Be32 11.5 117 141 .2 11.27
12.5 75 123961 Beb b6 12453 122 1410 12430
13.5 72 137.3 735 13.6 93 12385 1137
18.5 59 135.3 756 1445 94 135.8 1143
15+5 56 132.8 7496 155 91 131.4 1111
16+5 46 129.1 7.02 16e% 74 125.4 11.18
17.5. 44 12546 7.13 17.5 56 117.8 1125
1845 39 120.6 S5e78 18.5 53 112.1% 970
19.5 36 11645 HeSa 19,5 41 1056 T+836
20.5 27 1131 %439 0% 38 103.2 B8e25
215 28 109.8 4487 21.5% 43 1CCeS 21420
2245 30 1C72.2 Se64 P25 33 973 9«80
23.5 40 104.3 Be41 23.5 40 S7.7 fe34
KP IS GREATER THAN 3
LOCAL TImMC NUMBER IF SAMPLES AV RAGE(GM) STANDARD DEVIATINN

0e5 15 99.1 .02

1.5 19 G5.9 7e73

245 20 9.6 8468

3.5 16 1056 3437

4.5 15 1C4.9 5401

S5¢5 25 112.2 .91

He S : 27 1210 11.92

7.5 28 12546 1C.92

8.5 19 13%.2 15.96

95 21 138.C 18,30

10.5 2¢ 145.0 2C .18

11«5 29 144 41 1562

12¢% 27 14144 14.28

13.5 17 137 .4 14.35

145 25 136.8 14.27

15.5 25 124.2 15.45

16.5 20 11845 12.14

175 15 1CR.4 14.543

18.5 13 ) 105.2 11.96

19.5 10 S8.7 1Cea7

20.5 6 F1.5 .91

21e3 9] qC.2 7460

22.5 6 83,3 4031

23.5 12 9543 Bel3



§=0

LICAL TIw"
Qe S
1.5
2¢O
1.5
4.5
Be B
6 S
7.5
8.5
9.5

10.5
11.9
12.5
13.5
14.5
15.5
1645
175
18.5
1945
2045
215
22.5
23.5

NPT

N

KPISOOR 1

SAADLES
45
95
57
56
71
59
78
€3
74
78
76
75
71

AVERAGE {GM)
T -62.9
618
-53.8
-454 43
-50.3
45,1
~40.3
-35.6
-34.3
-21,8
-3C.4
-28.9
-29.8
-21.7
-25.0
-37.5
~39.3
-42.8
-46.6
-5 «C
54,7
~57.4
-€0.1
~6te8

LOCAL TIwF

9.5
1.5
2.
3.
4,
S.
6.
7.
8o
9.
10.5
1145
12.5
135
1445
1545
16
17,
18.
19.
20.
21,
22.5
23.5

IR RV ARV RS LG RS

(LR ]

[ S|

GEOM. SUN LAT. GREATER THAN 10 DEG
V COMPONENT

S TAMDASD

NUHMRTE

NDEVIATIN
Deld
AJBA
222
Seal
eb6R
7.03
7043
7.75
3004
“el2
7.87
716
2006
EXE Rel
398
405
4409
Seld
AeC3
S 4
5,98
Se74
foel?
7.07

LUOCAL

V1 AF

JeS
1.
2.
3.
4

a ¢

a

Se
e
7.
8
9s
1Ce
11,
12
12
14.°
15
1He5
175
18.5
5

5

QQoan

[LUNNV TRV S 1]

(V)

N

1 9.
20
21,
228
2365

>

KP IS GREATER THAN 3

IF SAMPLES

5
S
4
2
4
13
21
21
16
20
21
3¢
27
17
21
23
13
13
12
3

RN

i

AV TRAGE (GM)
-84 06
-24.0
~79.0
~-72.0
—€4 .8
-52.6
~51.9
-46o7
~38.9
-3%.7
-23e3
-32.0
-32.5
—34 04
=33.C
-47 W8
-54 40
=608
w€e2
~70.6
~78.5
~82.0
-8.3.0
~78 .8

NUABE 2

produced from
est available copy.

Re
b

S TANDARD

KPIS20R3
IF SAMPLFS AVERAGE (GM)
41 =701
45 -70.1
44 -£6.2
a0 -62 43
47 -S6.4
74 -48,2
1co —43.5
108 -37.5
236 -34.9
@7 -31.8
a3 -30.5
88 =37 .4
96 -3le2
2 ~32.8
a1 -36.0
76 -39.3
63 -43,3
afk ~49,7
43 -£3.0
34 -57.1
34 -€2.5
26 -6R .6
29 -69.3
27 -£9,.7

PCEVIATION
el ?
?.97
11.94
3.00
12044
16.89
12,51
11.48
11,02
12,12
8,19
7.94
8.95
7.01
7419
Re8S
9.04
12.34
316
12.83
‘7.5¢C
1.0C
1.02
Bet2

STANDARD DEVIATINN
3.94
9.32
2,69
B33
8024
A e39

10.G1
JeB2
Ge6S
J.18
7.73
747
668
£elQ
Sel2
553
60030
7el3
7.89
B.05
B.0C
10,47
1C 64
Q.82



6-0

GEOM. SUN LAT. GREATER THAN 10 DEG

D COMPONENT
KPISOOR 1 KPIS20R 3
LUCAL TIME HUMBE R fIF 3AMPLELS AVERAGE (GM)  STANDARD DCVIATION LOCAL TIME  MNUMBER IF SAMPLES AVERAGE(GM)  STANDARD DEVIATION
Ge 5 an 23.3. .3e23 - O0eS 4t 2249 5485
1.5 S4 26.5 4.72 1.5 «6 24,.C 5419
2.5 57 2R.R 3.93 2.5 45 255 6037
3.5 56 3045 4401 3.5 a0 27.9 7410
4.5 71 2.4 3441 4a3 48 3046 6431
545 so 2.7 3.06 5.5 74 12,86 4410
6.5 78 3.2 3.43 6.5 s 32.2 6405
7.5 £8 28,7 3,71 7.5 148 301 4,08
8.5 73 2643 3.587 8.5 96 2647 4.58
9.5 78 22.3 1472 S5 97 23.¢ a.71
105 76 1845 3.62 10.5 93 18.5 4459
11.5 75 13.9 3.75 11.5 ee 14.3 Re01
12,5 71 107 3,35 12.5 95 9.7 4419
135 73 Re2 4,57 135 81 6543 3.29
14.5 54 6.7 4465 14,5 EX S0 2.94
1505 " 53 Hel 4436 155 76 4.1 2.36
16.5 a3 59 4,43 1645 59 4.6 1499
17.5 B () Set 2415 17.5 44 Se8 2.01
1805 31 6.7 1.77 18.5 42 745 2.28
19.5 29 Be0 155 195 34 947 2471
20.5 24 11.3 1.76 255 34 1349 4410
21.5 25 16.9 1.55 21.5 27 16.9 5.03
22.5 25 1841 2423 2.5 3¢ 19.4 7450
L2365 36 Z1.1 2e72 23,5 ‘29 2G.0 Sela
KP IS GREATER THAN 3
LOCAL TIiMT NUMBER 07 SAMOLES AVFRAGE (GV) STANDARD DEVIATION
065 [3 19,7 Ta67
1.5 ) 6 22,7 7.65 .

2.5 4 1943 ne2R

3.5 2 29.0 ’ Re00

45 3 3443 3486

5.5 13 33.8 Y34

6e5 21 35.7 5495

7.5 21 5.9 4,34

8.5 16 32.C : €edS .

2.5 20 2641 6e01

10.5 21 2C .3 5415

11.5 30 14.5 5498

12.5 27 10.2 5433

13.5 17 6.4 5e3R

18.5 21 4.9 3.74

15.5 23 4.6 3.52

16.5 17 3.9 4434

17.5 13 3.5 RelS

18¢5 16 7.4 7.45

. 19.5 8 5.9 5.25

2045 2 12.5 2.50

21.5 2 2¢ .8 2450

22.5 2 T 288 1+50

23.5 4

1742 4430



010

DATA NOT SEPARATED ACCORDING TO GEOM. SUN LAT.

H COMPONENT
KPISOOR 1 KPIS20R 3
LOCAL TIME NUMBFR OF SAMPLES AVEZRACE(GM) STANDARD NDEVIATION LOCAL TIME NUUMAE R OF S AMPLES AVERAGF (GM) STANDARD DEVIATION
0.5 189 16640 o444 0.5 178 Q5.2 1C.86
1.5 ) 195 167.9 917 1e S 197 9704 12,66
205 250 11061 7.94 2.5 195 12CG7 950
3.5 132 11441 7455 1.5 159 : 17€.0 ReB1
445 198 117.9 7.56 445 162 11063 B.77
5¢5 e 173 12263 7450 5e S 173 1167 2653
6.5 137 12743 7.62 6.5 179 121.8 12425
745 189 13142 8.05 7.5 135 12846 17,99
845 177 13343 7.98 A4S 174 13400 1122
9.5 194 13646 c.27 9.5 131 178,64 12437
16.5 131 13R.7 B.78 1065 143 139.8 16.59
11.5 157 137.8 Fe89 11e5 199 14161 11,37
12.5 17¢ 137.8 9,13 1245 179 14043 . 11,46
13.5 157 1371 2.50 13.5 tas 137.7 1677
14.5 159 134,9 Ba8G 1405 185 13461 1¢.58
15.5 17¢ 131.5 f.32 15.5 178 128.8 17,53
1665 166 1279 Ta70 16.5 199 122.8 12.80
175 162 123,7 7.58 17.5 208 116.2 QR4
18,5 160 12001 £e97 18.5 218 1110 9495
1G. 5 159 116.C Te54 19.5 2?23 1C5.4 1065
2065 153 11201 Ve 74 2045 287 1CC o8 ’ .79
21.5 168 109.2 Rel2 2145 254 5706 9,59
22.5 172 10646 Re38 2245 211 96 o4 12.36
23.5 177 10545 B.64 23.5 180 94.8 11.27
KP IS GREATER THAN 3
LOCAL TIME NUMBEX 3F SAMPLES AVCRACFE(GM) STANDARD DEVIATION

045 45 92.6 10,53

1.5 49 9245 10,04

2.5 37 97 .7 9096

3.5 29 1C204 9417

4.5 27 1€5.0 7.83

545 40 111.8 Bebb

605 41 12045 11,29

7.5 42 12541 10,81

8.5 43 1342 12.79

9.5 49 13767 14459

105 44 140.8 16.81

Ile5 30 144 .7 13.84

12.5 48 14141 12028

13,5 34 13643 12.02

16405 47 133.6 13.69

15.5 52 122.0° 1557

o 165 48 113,.5 15050

1765 60 1C3.3 19.28

1845 59 1681 15.28

19.5 59 G540 14,23

2065 s1 89.2 13,58

‘ 21.5 . 47 £8.8 14421

225 3 87 .8 10.07

23.5 41 92 .4 12466



IT1-0

LOCAL TIVE
0e5
1.5
2.5
3.5
4.5
545
6.5
7.5
8.5
9.5

10.5
11.5
12.5
13.5
18,5
155
16.5
17,5
18.5
19.5
20e5
215
2245
23.5

KPISOOR1
NUMBER OF SAMPLES AVFRAGE (GM)
179 ~48,.5
178 -46 .4
152 -43.¢
126 -39.9
134 -38.3
126 =71.5
148 ~32.%
160 -1).2
152 -as.2
151 ~3C.4
158 -31.2
155 -32.3
159 ~34,5
151 =369
137 -4040
148 -43,)
143 ~45.5
136 -44,3
136 -5G .1
137 -€0,7
146 -S1.C
151 -5C «5
158 -60,.5
172 -49,.4

LOCAL TIMF
0e5
1e5
205
3.5
445
Se 5
5e5
7.5
85
Qe S

10.5
11.5
125
13.5
14.5
15456
1€.5
175
13.5
19.5
2Ce5
21.5
22.5
23,5

DATA NOT SEPARATED ACCORDING TO GEOM. SUN LAT.
V COMPONENT

STANDARD DEVIATION

LOCAL TIMF

1519 0.5

16.693 1.5

16469 2e%

15.92 3.5

1470 4.5

1288 5¢5

1C e 86 £e 5

Geb8 7.5

2.09 P

Re27 Fe B

7493

7453

T.62

7«76

©e63

6459 -

GCelb

Fe24

6a72

7.32

Ce08

17.A2

13.26

14.52
KP IS GREATER THAN 3

NUMBE P NF SAMOLES AVFERAGE(GM)

21 -59.8
18 -5Ba1
16 -53.1
12 =E1.¢C
12 -S1e3
23 -4 .8
3¢ -45,5
34 -29,5
37 -33.2
as -321.4
42 =32.3
a7 -32.0
a6 -33.0
34 -35.3
a4 -38.5
49 -45.7
47 ~S1e7
49 -57.3
a7 -61.8
a6 -64 .4
33 -€3.1
32 -63.4
s -€4.56
21 ~€3.4

KPISZOR3
NUMSER OF SAMPLFS AVFRAGE(GW)

1562 =5640
158 =559
134 =509
97 -47 .5
121 -a3 .4
125 -19.2
148 -37.3
1€ 3 -33.5
15¢C =21.C
1”C -29.9
159 ~30.2
164 =21.6€
179 =33.5
157 -36.1
159 -39.7
176 =435
132 ~a7.2
183 =5CeA
1RO

200 =65.C
178 -8742
179 -58.2
183 -57e2
13 -€847

STANNDAKRD DEVIATION
21.93
22.72
25419
19.80
2C.55
13.60
14499
13.62
11418
10618

2439
R,23
Re52
7.39
6.83
Te57
7.82
1Ce36
10.58
11.45
15.63
1R.02
17.95
214905

STANDARD NEVIATICN
19627
2C.02?
2C.CC
19,17
1¢ 458
131,73
12.R5
11.24
1ea}
N8

Te?70
76795
7.03
7430
Fe53
659
Aol
eSO
ReH57
17.3¢C
12.79
15443
1he 51
20 245



g1=0

LOCAL TIM:

0+ 5

Ie5

2.5

3.5

4.5
Ge b
645
7+ 5
Be S
Ge S
10.5
11.5
12.5
13,5
14.5
155
1665
17.5
1865
19. 5
2045
215
22.5
23.5

KPISOOR 1
NUMEIT R JF SAMPLES AVERACF (5M)
179 2246
170 23,4
132 24,2
124 2542
134 2662
126 25 .0
148 25.1
160 2343
LRAR 207
In1 12,5
1538 16.2
15 13.5
159 _ 116
130 1.4
137 .G
148 100
143 1C .8
136 1161
136 12.7
137 14.6
146 10.2
151 1.4
159 2C e 1
171 21,3

LOCAL TIMD
Ge B
1e%
245
3.5

DATA NOT SEPARATED ACCORDING TO GEOM. SUN LAT.
D COMPONENT

STANDADPD

NUMAE D

DEVIATINON
4063
S92
€.39
7.6
70722
1, 34
Te?73
TR
Fad2
fed6
487
be22
4036
4409
SelA
Sel0
Sela
44A1
4461
4431
3.98
.61
3467
3.69

LOTAL TI 9w
Ce 5
15
205
3.5
409
565
Aoy
Te
8¢5
3¢5

1065
Flan
12¢5
135
1465
195
1605
1745
1 8e5
195
2065
I K]
£2¢5
23. 5%

KP ISGREATER THAN 3

OF SAMDLES

35
2¢

AVERAGF (GV)
EDe7?
219
2T 4
?4.4
2304
2.9
323
20,7
23.5
2l.2
178
14.4
1G o4

T3
603
6o
64
Te?
125
12.3
18+3
2443
2505
217

KPIS20R 3
NUMIF 2 I SAMBLES AVFRAGE (GY)
1562 2209
157 3.3
134 2247
57 2361
122 7449
128 2743
1a8 27 .5
163 2548
150 2200
15C 2CeC
159 1647
1ca 13.7
176 10.6
158 .5
163 7.5
176 7.0
132 R.0
i2 3 9e6
138 1.3
o0 13.4
178 16.2
17¢ 137
1IR3 2144
154 22073

STANNDARN DFVIATICK
7.97
7433
753
2o 3R
Q12
Q,3a
B.30
T1.R7
9.19
7.0
21
£.02
Sed 3
556
4,66
4630
466
D.B2
4.66
5403
S.67
He0R
5485

7417

STANDAR]D REVIATION
5661
2,99
FeB2
BelH
2453
3,15
A.03
7.37
7.07
“eCa
56186
$e00
GeTH
4073
4.7C
4,7C
4461
4432
a.2¢C
4.03
4.23
4,75
G .A8
8,87
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DEGREES

DEGREES

Appendix D
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